Background: Knowledge about the incidence, clearance, and factors associated with human papilloma virus (HPV) infection in men is lacking, and much of what is available focuses on high-risk groups.
Introduction
Human papilloma virus (HPV) infection is the most common sexually transmitted infection among adolescents and adults (1) . It is well established that HPV causes many life-threatening diseases in men and women, including cervical, vulvar, and vaginal intraepithelial neoplasia and invasive cancers in women (2, 3) , oropharyngeal and anal cancer in either sex, and penile cancers in men (4, 5) . It has been shown that male sexual behavior affects the risk of HPV infection, dysplasia, and cervical cancer in female partners, even after adjusting for female sexual behavior (6) . Thus, a better understanding of HPV infection in men is an essential component of prevention programs aimed at reducing cervical cancer and other HPV-related diseases. However, little is known about the natural history of HPV infection in men.
To our knowledge, there are 9 documented scientific articles on 8 prospective studies on HPV infection in men (7) (8) (9) (10) (11) (12) (13) (14) (15) . All of them provide information on incidence rates and 8 describe the persistence or clearance of HPV (7) (8) (9) (10) (11) (13) (14) (15) . Twenty studies on risk factors for HPV infection in men are currently available, many of which are cross-sectional and only 7 are cohort studies (7, 9-12, 14, 15) . Most of these studies have been restricted to high-risk populations, such as subjects who sought medical care at an sexually transmitted diseases (STD) clinic, military recruits, or male partners of women with HPV-related diseases.
The purpose of the present study is to estimate incidence and clearance rates of type-specific HPV infections and to evaluate the factors associated with infection, in heterosexual males with predominantly monogamous sexual behavior, living in a rural area in central Mexico. This should significantly extend knowledge on the natural history of HPV infection in men. It can also shed light on whether women's sexual behavior influences male partners' HPV risk.
Materials and Methods

Study design and population
A prospective study of the natural history of HPV was carried out with 504 self-identified heterosexual males residing in 4 municipalities belonging to the Texcoco Sanitary District in the State of Mexico, in central Mexico. Men were invited to participate through their regular sexual partners, who agreed to participate in an HPV study of heterosexual couples who seek health services at public clinics open to the general population (Ministry of Health, Primary level health care; 16). The recruitment period was from January 23, 2003 to June 8, 2004 . The participation criteria were: (i) being a permanent resident of the municipalities of Atenco, Tepetlauxtoc, Texcoco, or Chimalhuacan; (ii) being sexually active; (iii) agreeing to sign the informed consent form; (iv) committing to followup testing for 3 years; (v) being willing to provide information on sexual characteristics and behavior; and (vi) being in good health. Men who agreed to participate were scheduled for follow-up visits approximately every 4 months, for a total of 5 visits. This study includes 443 men who had at least 2 visits. During the first visit, men filled out a self-administered questionnaire, in complete privacy, which collected data on socioeconomic variables, educational level, smoking, circumcision status, and sexual behavior variables. Information about the presence of cervical HPV in female sexual partners was also included. During the baseline and follow-up visits a physical examination was conducted on the men, and samples of exfoliated genital cells were obtained for HPV DNA testing with PCR. A baseline sample of cervical epithelial cells was obtained from the female sexual partners. This study was approved by the ethics and research committees of the participating institutions.
In men, genital specimen collection was conducted as described elsewhere (17) . Briefly, 3 samples of exfoliated epithelial cells were taken from external genitalia. The first was taken from the middle third of the scrotum and penis shaft, the second from the balano-preputial groove, and the third from the urinary meatus. A nylon brush and a Dacron swab were used for epithelial cell collection. The 3 samples were combined into one single tube and stored.
In women, a sample of epithelial cells was taken from the exocervix and endocervical canal using a nylon cytobrush, which was rotated 360 C to assure sampling of the cervical transformation zone. All brushes containing the collected material were placed in a 5 mL aliquot of PBS/ merthiolate 0.01% (v/v) for storage. All samples were stored at À20 C before DNA extraction.
HPV DNA extraction
Before DNA extraction all samples were centrifuged at 4,500 rpm for 6 minutes. Precipitated matter was suspended in 1 mL 0.01 mol/L TRIS HCL pH 7.4. Genital samples were treated with proteinase K (170 mg/mL). DNA extraction was done with phenol-chloroform-isoamyl alcohol (24:1). Then 5 mol/L NaCl were added and precipitation was carried out with isopropanol. Finally, the supernatant was suspended in 50 mL TE buffer pH 7.6 and stored at À70 C (18).
HPV DNA detection and genotyping
The presence of HPV DNA was determined by DNA hybridization tests as described by Gravitt and colleagues (19) . Before sample digestion, HPV DNA amplification and determination of b-globin was carried out in separate reactions. HPV DNA was amplified using biotinylated primers known as PG/MY L1. To determine specimen adequacy, a fragment of human gene from b-globin was coamplified with primers BGH20 and BPC04.
HPV detection and genotyping was done on PCR products (reverse hybridization), using nylon strips upon which hybridization was conducted. Each strip contained 39 test lines, 37 of which corresponded to type-specific tests for HPV and 2 of which quantify the low or high concentration of ß-globin. HPV types considered as high risk included in the test were 16 (20) . Finally, hybridization bands were detected by calorimetry. Strips were interpreted using an acetate overlay that indicated the position of every specific HPV type. The result of hybridization was interpreted independently by 2 reviewers. ß-globinnegative samples with HPV-positive PCR were considered positive for the present analysis, as ß-globin may not be detected because of competition among oligonucleotides on the strips and PCR primers.
Statistical analysis
We evaluated the sociodemographic and sexual behavior characteristics of study participants at the time of recruitment. These characteristics were compared between subjects who were only evaluated at the baseline measurement and those that were also evaluated at the follow-up measurements, using Pearson x 2 . Baseline prevalence (16) , incidence rates, and clearance rates were estimated for any HPV type, oncogenic types, nononcogenic types, HPV 16 and/or 18, and specific HPV types. In the present analysis, single or multiple infection with oncogenic HPV or mixed infection with both types (oncogenic and nononcogenic) was classified as infection with oncogenic HPV. Single or multiple infection with only nononcogenic HPV types was classified as nononcogenic infection.
HPV incidence was estimated in men who were HPV negative at the beginning of the study and subsequently tested positive for one or more HPV types, and men who were positive for a specific HPV type at the beginning of the study and acquired one or more new HPV genotypes during follow-up.
In our calculation of incidence rates for HPV of any type and by risk group (oncogenic HPV and nononcogenic HPV), we included only men who tested negative for HPV at baseline and later became positive for HPV of the corresponding group. Genotype-specific incidence rates were estimated based on the number of participants with incident infections; for each genotype, the population at risk was men without said genotype at the baseline measurement.
Confidence intervals (CI) of 95% were calculated for an incidence or clearance rate based on the number of events modeled as a Poisson variable divided by the total number of person-months (21, 22) . HPV incidence and clearance rates per 1000 person-months were estimated assuming that HPV infections were acquired or cleared at the midpoint of the follow-up interval when the new infection was detected or cleared.
We used Nelson-Aalen and Kaplan Meier estimators to estimate the accumulated incidence of any type of HPV infection, oncogenic HPV, and nononcogenic HPV (23) . Association patterns between HPV presence in the sex partner and HPV incidence in men were evaluated using the Kaplan-Meier test. Differences between groups were assessed using Wilcoxon and log-rank tests. Time at risk was determined as the number of months passed since the baseline measurement until the midpoint of the interval between the last infection-free date and the date when the new HPV infection was detected. Subjects who were free of HPV infection until the end of follow-up were censored at the date of the last follow-up.
The clearance analysis included those men with incident HPV types with at least one follow-up measurement after the detection of incident HPV. Clearance was expressed as the proportion of men with incident HPV that was negative to said genotype or risk group on one sequential follow-up visit and as the clearance rate per 1,000 person-months/observation after detection of HPV. Clearance time of HPV infection was defined as the time passed between the date at the midpoint of the interval between the last negative measurement and the first positive HPV result, and the midpoint of the interval between the last visit with a positive result and the first sequential visit with a negative HPV result. Participants whose infection did not clear were censored at the date of the last positive HPV test result. The duration of infection was estimated using the Kaplan-Meier method.
We evaluated the effect of potential risk factors on HPV acquisition and clearance rate using Cox proportional hazards models. The risk of acquiring HPV infection was estimated for any HPV type, oncogenic HPV types, and nononcogenic HPV types. This analysis evaluated sexual behavior and sociodemographic characteristics measured at the beginning of the study and cervical HPV in female partner as potential risk factors. The variables that were found to be associated with a P value <0.1 in the univariate analysis were included in the multivariate models. Univariate predictors not included in the model were evaluated as confounders. If a 15% or greater change was observed in any of the estimated effects, variables were included in the model. The measure of association was the HR with 95% CI. Assessment of model fit was examined, including verification of the proportional hazards assumption.
Incidence rates and specific infection duration by age group were estimated for any type HPV, oncogenic HPV, and nononcogenic HPV. Differences in HPV incidence by age group were evaluated based on CIs derived from the Poisson distribution. Differences in HPV infection clearance by age groups were evaluated using the log-rank test.
The statistical analysis was conducted using Stata 9.0 statistical software (Stata Corporation).
Results
Out of 504 subjects who agreed to participate in the study, 103 (20.4%) were positive for HPV of any type at the baseline measurement (data not shown). Of the remaining 401 subjects, 351 underwent at least one follow-up measurement. The median duration of follow-up for these subjects was 19.77 months (inter-quartile range (IQR), 13.1-25.8 months], with a median duration of 3.7 months between follow-up visits. Table 1 shows the distribution of sociodemographic and sexual behavior characteristics in the participants included in this analysis of baseline HPV negative men. At baseline the median age of the 401 HPV negative men was 36 years (IQR, 30-44 years), the median age at which they initiated sex was 18 years (IQR, [17] [18] [19] [20] , and their median number of lifetime sex partners was 1 (IQR, 1-2). Table 1 shows the distribution of baseline characteristics in men negative at baseline for HPV with at least one follow-up measurement compared with those with no follow-up measurements. Among men with follow-up measurements there was a greater proportion of men aged 31 to 40 (P ¼ 0.042), living in a rural area (P ¼ 0.003), and who were married (P ¼ 0.002) compared with baseline HPV negative men with no follow-up. Out of the 351 subjects with follow-up measurements, 53% first had sex at age 18 or younger, 52.4% had 1 to 2 sex partners, 80.9% had not had sexual relations with prostitutes, 62.9% had not had anal sexual relations, and 93.2% were not circumcised.
Out of the 504 subjects that agreed to participate in the study, the population of men at risk for HPV of any type at baseline with at least one follow-up measurement consisted of 351 subjects; for oncogenic HPV it was 405 subjects; for nononcogenic HPV it was 376 subjects; and the maximum population at risk for specific HPV types was 443 subjects. During follow-ups, out of this population at risk we observed 84 subjects with incident any type HPV infections, 47 with incident oncogenic HPV infection and 69 with nononcogenic HPV, out of which 42 any type HPV infections were cleared, as well as 22 oncogenic HPV and 38 nononcogenic HPV infections (data not shown).
Incidence rates and duration of HPV infection are presented in Fig. 1 . The estimated incidence rate for HPV infection of any type was 12.3/1,000 person-months (95% CI, 9.8-15.2). The incidence rate for oncogenic HPV types was 5.6/1,000 person-months (95% CI, 4.1-7.4), and for nononcogenic HPV it was 9.2/1,000 person-months (95% CI, 7.2-11.7). The highest type-specific oncogenic HPV incidence rates were for HPV 16, 59, 52, and 58. Conversely, for nononcogenic HPV types the highest rates were found for HPV 62, 71, 84, and Cp6108. The median clearance time for HPV infection of any type (defined as the time during which 50% of infections are cleared) was 5.1 months (IQR, 3.5-7.7). The duration of infection was similar for oncogenic and nononcogenic HPV types. The median time until oncogenic HPV clearance was 5.3 months (IQR, 3.6-7.7) and for nononcogenic HPV types 5.3 months (IQR, 3.5-7.7). For the oncogenic HPV types, median time to clearance was longest for HPV types 52, 16, and 31. For the nononcogenic HPV types, median time to clearance was longest for HPV types 6, 84, and 83 (Fig. 1) .
The cumulative incidence of HPV infection and the time to clearance of infection among men are presented in Fig.  2 . The cumulative incidence of infection for any HPV type at 12 months was 15% and at 40 months it was 31%. The proportion of the population that acquired nononcogenic HPV at 12 months was 12%, whereas only 7% acquired oncogenic HPV. Figure 2 shows that after 6 months, approximately 60%, 59%, and 58% of men with HPV remained positive for any HPV type, oncogenic HPV, and nononcogenic HPV, respectively, while after 12 months 28%, 22%, and 29% remained positive for these. Table 2 shows the association observed between specific sociodemographic and sexual behavior variables of interest with the acquisition of any type, oncogenic, and nononcogenic HPV infection in univariate and multivariate models. An important increase was observed in the risk of acquiring a new HPV infection of any type in men whose sexual partners have cervical HPV. This association was also present in the analysis adjusted by male's current age, marital status, smoking, age of sexual initiation, history of anal sexual relations, and circumcision status (HR, 2.1; 95% CI, 1. . These associations were constant even after adjusting for other factors, including socioeconomic level, religion, number of lifetime sexual partners, and condom use (data not shown). Figure 2 shows that men with HPV positive partners were at greater risk of infection with any type HPV and oncogenic HPV, compared with men with HPV negative partners (log-rank P ¼ 0.008 and log-rank P ¼ 0.016, respectively). The presence of HPV in female sexual partners was not associated with the clearance time of the HPV infection in men. None of the factors assessed were found to be associated with any type HPV, oncogenic HPV, or nononcogenic HPV clearance in the univariate or multivariate analyses (data not shown). Figure 3 shows that there was no statistically significant difference between age groups in incidence rates and median HPV clearance time by oncogenic potential.
Factors associated with HPV infection and clearance
Duration of infection
Discussion
Our study contributes to the currently scarce knowledge available on the natural history of HPV infection in heterosexual males. We evaluated the factors associated with acquisition and clearance of any, oncogenic and nononcogenic HPV infections, and found that the presence of cervical HPV of any type in men's female sex partners was significantly associated with male HPV infection.
About the natural history of HPV infection in men, we found that the cumulative incidence of HPV after 12 months in rural Mexican men was 15%, similar to the 13.4% at 12 months reported in Mexican military personnel and 13.8% at 8 months in Danish military personnel (10, 11) . These estimates are lower than those observed in men in southern Arizona and in young male students of the University of Washington in Seattle, who had incidences of 29.2% and 62.4%, respectively (12, 13) . A recent study by Giuliano and colleagues that included men aged 18 to 70 years living in Mexico, Brazil, and the United States also showed a high incidence (39.3%) of all types of HPV at 12 months (15) .
Our findings about HPV clearance also fell in between highs and lows from prior studies. We found that 72% of incident HPV infections had cleared within 12 months. A Japanese study found that infection persisted in 87.5% of clinically healthy subjects after 30 days, whereas it persisted in 100% of urethritis patients after 3 months; it persisted in 0% after 6 months (9). In Danish military personnel persistent infection was found in 18.4% after 8 months (10). In Mexican soldiers this figure was 17.3% (11) . Clearance of any type HPV infection was observed in 75% of men from southern Arizona 12 months after initial HPV detection (13) .
In the aforementioned study by Giuliano and colleagues, the median clearance time for any HPV type was 5.9 months (13), while the prospective study of HPV in men (HIM study) found that the median duration of any HPV type was 7.5 months (15). In our study this time period was 5.1 months. It is important to consider that the cited studies had different time ranges between measurements, that the number of follow-up measurements varied, and that each study had a different duration. Our study included subjects with a baseline measurement and 1 to 5 follow-up measurements, with approximately 4 months between measurements. Considering the differences between populations and sampling techniques used by these studies, it is difficult to compare their results. To our knowledge, this is the first study that evaluates the presence of cervical HPV in the female sex partner as a variable associated with genital HPV incidence and clearance in the male. We found that presence of HPV in men's female sex partners was the main determining factor for any type HPV acquisition (AHR, 2.1; 95% CI, 1.1-3.8) and for oncogenic HPV (AHR, 4.1; 95% CI, 2.1-8.0). Prior studies have shown that the main risk factors for genital HPV infection in women are related not only to their own sexual behavior but also to their partners' behavior (6). Our study paves the way for considering the influence that female sexual behavior might have on HPV acquisition in women's male sex partners. This extends to nonvaginal sex, as we found that a history of anal sexual relations with women was significantly associated with acquiring nononcogenic HPV (AHR, 1.8; 95% CI, 1.1-2.9). This result is consistent with Lajous and collaborators' finding that the risk of acquiring HPV increases 5 times in men who have sexual anal relations with men (11) , and with Moscicki and collaborators' report of a 7-fold increased risk of anal HPV infection in young heterosexual women with a history of anal sexual relations (24) . Other sexual behavior variables (age at sexual initiation, lifetime number of sex partners, number of sex partners before age 20, use of condoms), circumcision, smoking, and sociodemographic variables (age, marital status, socioeconomic level, education level, and religion) were not associated with any type HPV acquisition, oncogenic HPV, or nononcogenic HPV. Nor did we find any variables associated with HPV clearance in any of the different oncogenic potentials. Like Giuliano and collaborators (13, 15), we found no clear pattern was observed in HPV acquisition and clearance in the different HPV groups by age, as other studies have shown among women (25) . We found that the main predicting factors for HPV infection are sexual behavior variables. However, these associations have not been found in higher risk groups, which may be because of high baseline HPV infection rates in high-risk male populations and across all promiscuity levels (26) . Another possible explanation for this lack of association may be that samples are relatively small or that participants do not give exact information on their sexual background or current practices, which can lead to misclassification bias of potential risk behaviors. Thus, the lack of association we found between sexual behavior variables and HPV incidence could be because of our inclusion of a population with relatively low-HPV rates across strata. However, nondifferential misclassification of sexual behaviors is also possible.
Also, similar to other studies we did not find the expected protective effect of circumcision and condom use on HPV acquisition and clearance. The protective effect may be limited as the effect of circumcision could be limited to certain sites of the penis; similarly, the protective effect of the condom would be associated with HPV in the sites covered by the condom (27) . In our study we cannot differentiate among sites because samples taken from the scrotum and penis shaft, balano-preputial groove, and urinary meatus were combined. As for the lack of association between condom use and HPV infection, it has been attributed to behavioral aspects, such as the difficulty in using a condom consistently in stable relationships, and to biologic aspects such as HPV infection beyond the anatomical area covered by the condom (28) . Tobacco use is considered an indicator of high-risk sexual conduct and has been identified as a risk factor for HPV detection in men (29) , as well as persistent HPV infection and anal and penile cancer in men (4, 30) . However, the results of studies that have evaluated relationships between the 2 have been inconsistent. In the present study we also failed to find an association between smoking and HPV incidence.
When interpreting our study results, it is important to account for its limitations. First, having approximately 4-month intervals, and longer intervals in some patients, between follow-up visits may result in underestimation of HPV acquisition. In the infection clearance analysis we included only incident infections, avoiding infection duration bias by including prevalent infections, as it was unknown how long infections had been present before men entered the study. Even so, clearance time estimates may be biased because these infections were followed up for only a short time and infection clearance may have escaped observation before the end of the study. Furthermore, because of the short follow-up time of incident infections, we could not confirm clearance with a subsequent negative result. Data on potential risk factors were obtained by self-report; however, as participants did not know their HPV status at the baseline measurement, differential misclassification that could bias the results is unlikely. Finally, although we tried to achieve a representative sample of heterosexual men from 4 municipalities in Mexico State, the self-selection involved in recruitment through couples resulted in inclusion of a greater proportion of men older than 30 years, married, and who resided in rural areas. Thus, the population's characteristics limit the generalizability of our findings.
Our study makes an important contribution to knowledge of the natural history of HPV infection in males in a low-risk population. However, more cohort studies are needed that include men with a wider age range, different risk profile, and with shorter follow-up intervals and longer overall follow-up periods.
